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ABSTRACT: 
 
On 6/7/95, at 1828 hours, a Unit 2 controlled shutdown from Mode 1 was 
initiated in accordance with the requirements of Technical Specification 
(TS) 3.0.3 due to the inoperability of both Residual Heat Removal (RHR) 
trains. The inoperability was caused by the failure of the 21RHR pump 
recirculation valve (21RH29) to automatically open when the 21RHR pump 
was started and the inability to ensure operability of the 22RHR pump 
recirculation valve (22RH29). With both RHR trains inoperable, the Unit 
was operating in a condition not covered by the TSs and the requirements 
of TS 3.0.3 were initiated. The Unit was reducing load with the group 
buses already transferred to the 21 and 22 Station Power Transformers. 
When the Unit load was below 50 MW (14% reactor power), the Nuclear 
Control Operator manually tripped the turbine. 500KV Bus Section 
breakers, BS 1-9 and BS 9-10, both opened; however, BS 1-9 breaker 
failure protection circuitry actuated unexpectedly causing loss of Bus 



Section 1 which represents the loss of one source of off-site power to 
both Salem Units. This caused the loss of 4KV group buses 2F and 2G 
which caused the trip of 23 and 24 reactor coolant pumps, followed by an 
automatic reactor trip on low flow in two of four reactor coolant loops 
(> 10 % reactor power) at 2301 hours on 6/7/95. 
 
END OF ABSTRACT 
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Plant and System Identification: 
 
Westinghouse - Pressurized Water Reactor 
 
Energy Industry Identification System (EIIS) codes appear in the text as 
{xx} 
 
Identification of occurrence: 
 
Engineered Safety Features (ESF) Actuation (Reactor Trip) During Unit 2 
Controlled Shutdown Per Technical Specification 3.0.3, Due To 
Inoperability Of Both RHR Trains. 
 
Event Date: June 7, 1995 
 
Initial Report Date: July 7, 1995 
 
Report Date: November 2, 1995 
 
Conditions Prior to Occurrence: 
 
Mode: 1 Reactor Power: 100% Unit Load: 1120 MWe 
 
Description/Analysis of Occurrence: 
 
On June 7, 1995, Operations requested that both RHR pump recirculation 
valves (21RH29 & 22RH29) be tested to assure that they would open when 
called upon when the pump started. At 0150 the 
22RHR pump was started 
and 22RH29 opened automatically as required. The pump was then stopped 
and 22RH29 closed automatically as required. At 0155 the 21RHR pump was 
started but 21RH29 did not open automatically as required. The operator 
took manual control of 21RH29 and opened the valve. The 21RHR pump was 
then stopped and 21RH29 was placed in automatic and the valve closed. 
The operator then entered Technical Specification 3.5.2c, Action 
Statement a, which requires that the inoperable ECCS subsystem be 



returned to operable status within 72 hours or the unit must be shutdown. 
Continuing evaluation of both RHR pump recirculation valves confirmed 
that 21RH29 was inoperable and that 22RH29 was operable but may be in a 
degraded condition. A follow up operability assessment of 22RH29 was 
requested to be completed in a timely manner. 
 
TEXT PAGE 3 OF 12 
 
Description/Analysis of Occurrence (cont'd): 
 
Trouble shooting of 21RH29 was initiated and as a result of failure 
analysis, three relays in the control circuitry were replaced. Because 
the follow up assessment for operability of the 22RH29 valve could not be 
completed in a timely manner commensurate with the safety significance of 
the RHR System {BP}, 22RH29 was declared inoperable. At 1827 hours on 
June 7, 1995, Unit operators entered Technical Specification 3.0.3 and 
commenced a controlled shutdown of the Unit from Mode 1 due to both 
trains of the RHR System being inoperable. 
 
At 1907 on June 7, 1995, Public Service Electric & Gas made a one-hour 
notification to the NRC in accordance with 10CFR50.72(b)(1)(i)(A). 
 
An orderly shutdown was in progress and the Unit was reducing load at a 
rate of 30% per hour. As the load reached 20% power the group buses 
(non-safety 4Kv buses) were transferred from the Auxiliary Power 
Transformer (main transformer) to the 21 and 22 Station Power 
Transformers (SPTs)(startup transformer). As the load was reduced below 
50MW (14% reactor power), the operator manually tripped the turbine in 
accordance with normal operating procedures. This action in conjunction 
with the actuation of the back-up reverse power relay caused the 
Generator Overload and Out of Step HEA Multi-Trip (MT) to operate. The 
Generator Overload MT subsequently initiated several signals to circuitry 
which included BS 1-9 (32X) breaker trip coil, BS 9-10 (30X) breaker trip 
coil, BS 1-9 breaker failure relay, BS 9-10 breaker failure relay, 
Exciter Field Breaker, and Overhead Alarms. As expected, this action 
resulted in the opening of both BS 1-9 and BS 1-10 breakers. However, BS 
1-9 breaker failure protection circuitry actuated unexpectedly causing 
loss of Bus Section 1. 
 
The BS 1-9 breaker failure relay actuated after the breaker trip signal 
was received. The Generator Overload MT initiated the breaker trip 
signals and breaker failure timing to both BS 1-9 and BS 9-10 
simultaneously, but the breaker failure time delay relay unexpectedly 
actuated for BS 1-9. There was no problem in opening the BS 1-9 breaker 
within the required time, however, the BS 1-9 breaker failure relay time 
delay requirement did not reset during the event, thereby causing the 



breaker failure circuitry to actuate without the proper time delay. 
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Description/Analysis of Occurrence (cont,d): 
 
The purpose of the breaker failure relay time delay is to allow adequate 
time for the breaker to open prior to actuating the breaker failure 
relay. The BS 1-9 breaker and the breaker failure relay actuation 
occurred at approximately the same time. This points to a deficiency or 
malfunction in the breaker failure relay (SBF-1) circuitry. 
 
The operation of BS 1-9 breaker failure protection circuitry resulted in 
tripping 500KV BS 1-5, BS 1-8, 13KV BS 3-4, BS 4-5, BS C-D, BS D-E, and 
Gas Turbine breakers. This caused a loss of power to 2SPT, 4SPT, 12SPT, 
14SPT, 22SPT, 23SPT, and 4KV group buses 1F, 1G, 2F, and 2G. The loss of 
4KV group buses 2F and 2G caused 23 and 24 reactor coolant pumps to trip 
and consequently resulted in an automatic reactor trip on low flow 
conditions in two of four reactor coolant loops. 
 
Tests performed under the troubleshooting plan extensively checked the 
breaker main contacts, auxiliary contacts, associated control circuitry, 
SBF-1 circuitry, and the time delay circuitry. Results of the 
preliminary on-site testing found no anomaly or problems with any of the 
circuitry. 
 
At 0152 on June 8, 1995, Public Service Electric & Gas made a four hour 
notification to the NRC in accordance with 10CFR50.72(b)(2)(ii). 
 
Apparent Cause of Occurrence: 
 
The cause of the occurrence related to the RHR system inoperability is 
attributed to inadequate management oversight of the operability 
determination process, which lead to the failure to recognize and take 
timely corrective actions, as demonstrated by: 
 
1. Some licensed reactor operators and engineers possess 
inadequate knowledge of design basis of structures, systems, 
and components (SSCs) with regard to "support systems" and 
"equipment important to safety". 
 
2. The implementation of GL 91-18 operating philosophy was not 
timely and effective in improving operability determinations. 
 
3. Lack of technical basis and consistency on some operability 
determinations. 



 
4. The implementation of Operations Department procedures ( both 
flowcharts and Operations Directive - 02) to improve 
Operability Determinations was ineffective. 
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Apparent Cause of Occurrence:(cont'd) 
 
5. Cultural issues within the Operations, Technical and Station 
Planning organizations which were manifested by a tolerance for 
equipment problems and insufficient follow through to correct 
these problems. 
 
Inadequate management oversight of the Operating Experience Feedback 
(OEF) program contributed to the untimeliness of the resolution. During 
the troubleshooting of 21RH29, three (3) Struthers - Dunn relays were 
replaced and all aspects of the circuitry was checked. When the valve 
was finally tested (after the Unit had started to shutdown), it performed 
acceptably in the AUTO mode when the pump was started. The "most 
probable cause" of the problem was noted as being an intermittent failure 
of the Struthers - Dunn relay. 
 
All three relays removed from the circuit were sent to a lab for 
analysis. The Auto/Manual relay and the Pump Breaker relay were 
determined to not have caused the failure of 21RH29. Testing of the Low 
Flow Interlock relay found the following: 
 
o High contact resistance as a result of normal wear. 
 
o Contact pitting/erosion reduced the contact follow which 
reduced the normal wiping action which tends to minimize 
contact resistance. 
 
o Brown, non conducting dust was created due to constant 
vibration of the phenolic piece that connects the movable 
contacts to the armature. This dust plated out on the interior 
of the relay, including the normally open contacts. 
 
Based on the above information, the most probable cause of the 21RH29 
valve failure to open was the failure of the Low Flow Interlock relay. 
 
In 1984, the NRC issued an Information Notice regarding failures of 
Agastst AP series relays in the energized state and suggested that the 
expected service life of energized relays in safety related circuitry be 
considered. PSE&G evaluated the Notice and determined an expected life 



of 30 years for Struthers - Dunn energized relays. Review of the Salem 
Incident Reports 
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Apparent Cause of Occurrence:(cont'd) 
 
and LERs from the past six years did not find any failures of Struthers - 
Dunn relays. However, review of corrective maintenance work orders found 
that within the last year there have been at least 21 relay failures. 
 
A review of INPO operating experience information found three applicable 
industry events that occurred in 1991 and 1992. Two of these events were 
not entered or assigned in the Action Tracking System, while the third 
was entered but action was not required by either Hope Creek or Salem. 
Hope Creek however, took corrective action and inspected all of their 
Struthers - Dunn relays and Salem did not. 
 
The cause of this occurrence related to the BS 1-9 breaker failure and 
the subsequent reactor trip is attributed to inadequate management 
oversight of the Operating Experience Feedback (OEF) program. This 
resulted in the following: 
 
1. Untimely response to vendor notification regarding 
susceptibility of the breaker failure relay to premature 
actuation (false tripping). 
 
2. Less than adequate evaluation of all industry and NRC 
notification regarding "false tripping" of similar breaker 
failure relays from the same manufacturer. 
 
The manufacturer of the SBF-1 relay (Westinghouse/ABB) had notified users 
of SBF-1 relays manufactured prior to 1992 that they are susceptible to 
misoperation under transient voltage conditions. The malfunction has 
been attributed to surge voltage conditions on the 125V DC system. The 
energization and de-energization of the relays in the control circuitry 
creates a very rapid switching transient of greater than 2.5KV on the 
125V DC system. The opening of the main breaker contacts also impresses 
additional noise signal transients on the 125V DC system. These 
transients have the potential to momentarily short circuit the time delay 
device in the SBF-1 relay circuitry resulting in the premature operation 
of the relay. This misoperation of the relay was preliminarily 
determined to be the reason for the breaker failure and the subsequent 
reactor trip. 
 
In August 1993, the Nuclear Business Unit received a manufacturer's 



notice (Westinghouse/ABB) of the possible SBF-1 relay malfunction for 
relays manufactured prior to 1992. This notification provided 
information on the use of certain types of cables with the relay and also 
stated that a surge suppresser kit had been developed to prevent future 
relay malfunction. The vendor's recommendation was not acted upon until 
May 16, 1995. This modification had not taken place at the time of the 
breaker failure. 
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Prior Similar occurrence: 
 
A review of the Salem records determined that there has been no similar 
occurrences at the Salem Statio 
related to either the RHR inoperability 
or the breaker failure. 
 
Safety Significance: 
 
The RHR System inoperability is reportable pursuant to 
10CFR50.73(a)(2)(i)(A) and the reactor trip is reportable pursuant to 
10CFR50.73(a)(2)(iv). 
 
RHR Pump Recirculation Valves (21RH29 & 22RH29) 
 
Testing of the 21RH29 recirculation valve determined that the valve would 
fail to open after placing the 21RHR pump in service. Testing of the 
22RH29 recirculation valve determined that the valve would open upon 
receiving a start signal thereby assuring that the 22RHR pump would not 
be placed in a shut off head condition. Testing did not confirm that the 
22RH29 valve would close when RHR flow to the core was required for 
various sized LOCAs. If this valve were to remain open, flow delivered 
to the core would be reduced under some conditions. 
 
No safety injection (SI) signal occurred during this event therefore no 
automatic signal to start the RHR pumps was generated. Consequently, no 
operation of the RHR pumps in either normal or shut off head conditions 
was required. The fact that one recirculation valve was inoperable and 
the operability of the other was of concern did not contribute in any way 
to the Unit trip. 
 
If a SI signal had been generated and the valves responded consistently 
with the test results, the 22RHR pump would have had recirculation. 
Assuming no other single failure, 22RHR pump would have been available to 
perform its intended safety function, while the 21RHR pump would have 
been in a shut off head condition. After operating for an extended 



period of time in this configuration, the 21RHR pump could eventually 
fail sometime after 45 minutes, while the 22RHR pump would be available 
to deliver flow to the core. In the Salem safety analysis, the single 
failure assumed for the minimum safeguards analysis is the loss of one 
RHR pump. This is consistent with the conditions that existed at the 
time the testing was conducted with the exception that it could not be 
assured that the 22RH29 valve would close when flow to the core was 
required. If the 22RH29 valve did not close, the flow to the core would 
be reduced by the amount of the recirculation flow. However, ample 
margin is provided between various 
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Safety Significance (cont'd) 
 
conservatisms and in newer, generically approved analyses. Credit is 
available for Large Break LOCAs since they assume the broken line spills 
to 10 psig rather than 0 psig (this artificially increases the peak 
cladding temperature (PCT)). Additional margin would also exist by 
crediting the second IHSI pump which would not be compromised by failure 
of the RH29 valve to close. Further margin is also available in the 
Large Break LOCA PCT. The PCT difference between maximum and minimum 
safeguards flow is 102 Degrees F. The change in flow caused by an open 
RH29 valve would be substantially less than the difference between 
maximum and minimum safeguards. Hence, the increase to PCT would be 
expected to be less than 102 Degrees F. This would be acceptable since 
there is 186 Degrees F of margin. 
 
On the basis of these considerations, it is judged that the penalty on an 
RHR pump associated with an open RH29 valve would not have caused the 
Unit to exceed 10CFR50.46 criteria for Large Break LOCA. Small Break 
LOCA and LOCA hydraulic forces are not affected by RHR flows because they 
are not credited in the analyses. Furthermore, long term core cooling 
and hot leg switchover are not impacted by this issue because the 
recirculation valve is manually closed by the operator when recirculation 
begins. 
 
Short term LOCA subcompartment analysis and pump runout concerns have 
also been considered. It was concluded that there would be no adverse 
effect on these issues due to an open RH29 valve. Consequently, if the 
recirculation valves behave consistently with the test results and no 
other failures occurred to compromise the 22RHR pump, it can be concluded 
that the inoperable status of the recirculation valves did not pose any 
undue risk to public health and safety. 
 
With the existing condition on 21RH29, a single failure could cause 



22RH29 to fail closed and both RHR pumps would be in a shut off head 
condition. The current Large Break LOCA analysis uses RHR pump flows 
that assume the recirculation valves are closed. The reactor rapidly 
depressurizes to approximately 30 psia in about 30 seconds. With a loss 
of off site power and maximum safety injection delay time, the RHR pumps 
will still deliver flow following a large break LOCA since the valves 
would already be closed. No operator action would be required to open 
the recirculation valves following a large break LOCA since system 
pressure would be low and pump flow would be adequate to keep the valves 
closed. Therefore, the failure of both recirculation valves to open 
would have no impact on the safety analysis or the ability of the RHR 
system to perform its safety function during a large break LOCA. 
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Safety Significance (cont'd) 
 
For the limiting Small Break LOCA PCT analysis, operation of the RHR 
pumps is not credited since system pressure does not fall below the cut 
in pressure during the transient. Therefore, failure of the 
recirculation valves to open does not impact the analysis. If the 
operator were to secure the pumps or open the recirculation valves there 
would also be no impact on the analysis. All other Chapter 15 analyses 
do not recognize start up or operation of the RHR pumps at RCS pressures 
above the shut off head of the pumps. Therefore, plant safety would not 
have been compromised and the results and conclusions of the safety 
analysis remain valid for the period in which the recirculation valves 
would not have opened. 
 
Operation of the pumps in a shut off head condition for an extended 
period of time has also been reviewed. The Salem Emergency Operating 
Procedures (EOPs) direct the operators to secure the RHR pumps. This 
activity is normally performed in approximately 30 minutes. Westinghouse 
predicts that the Salem RHR pumps could operate at shut off head 
conditions for 45 minutes and still perform their required safety 
function after restoration of normal flows. PSE&G has reviewed the EOPs 
and has confirmed that 45 minutes provides the operators with adequate 
time to perform these actions. Therefore, the RHR pumps would have been 
secured before damage could occur and would remain capable of performing 
their intended safety function when needed. 
 
Effects of the Transient on the Primary Plant 
 
The transient that resulted following the reactor trip is bounded by the 
loss of offsite power and loss of flow analyses in Chapter 15 of the 
UFSAR that assumes the coast down of all four loops. Clearly the loss of 



flow in four loops is more severe and therefore bounds the loss of flow 
in two loops. The analysis is unaffected by the inoperability of 21RH29 
and 22RH29. With the Unit at 14% power at the time of the reactor trip, 
additional margin to Departure From Nucleate Boiling (DNB) and reactor 
vessel pressure limits is provided. The loss of 23 and 24 reactor 
coolant pumps coupled with the isolation of letdown, reduced normal 
pressurizer spray flow. This has no impact on the Chapter 15 analysis 
since spray is only assumed in the analysis if it is detrimental to the 
accident. In this transient, pressurizer spray was not detrimental since 
it would have mitigated the pressure increase. Further margin for the 
analysis was provided when auxiliary pressurizer spray was initiated to 
stop increasing pressurizer pressure. Reactor coolant system pressure 
was maintained below 2350 psia throughout the transient. Based on the 
above discussion, this transient is bounded by the Chapter 15 accident 
analysis and had no impact on the reactor core or the reactor coolant 
system. 
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Safety Significance (cont'd) 
 
500KV Bus Section 1-9 Breaker Failure/Reactor Trip 
 
As a result of the failure of the breaker failure protection relay of the 
BS 1-9 breaker Bus Section 1 of the 500KV ring bus was de-energized. 
This resulted in the loss of power to the Number 2 and Number 4 Station 
Power Transformers (SPT). The Number 2 SPT normally feeds the 4KV 2F and 
2G group buses through the Number 22 SPT and the Number 4 SPT normally 
feeds the 4KV 2B and 2C vital buses and one half of the circulating water 
bus through the Number 23 SPT. 
 
When power was lost to the Number 2 SPT, all equipment fed from the 2F 
and 2G group buses was de-energized. All of this equipment is classified 
as non-safety related and safe shut down of the Unit without this 
equipment is within the design basis analysis of the plant. 
 
When power was lost to the Number 4 SPT, the vital buses transferred to 
their alternate power source, as designed. This transfer took place as 
required and all effected equipment functioned as designed. If the 
transfer to the alternate source failed, the diesel generators were 
available and would have started and sequenced on the appropriate 
shutdown loads. This would have allowed the operators to continue the 
safe and orderly shut down of the Unit. Therefore, the loss of the 
Number 4 SPT is within the design basis analysis of the plant. 
 
The partial loss of off site power/reactor trip is within the design 



basis analysis of the plant and therefore did not pose any additional 
risk to public health and safety. 
 
Corrective Action: 
 
All licensed operators will receive formal training in the use and 
application of Operations Directive - 02, Operability Determinations. 
This training will take place in Segment 1 of the 1995 - 1996 operator 
requalification training scheduled from September to November 1995. 
 
Training of Engineering and Operations personnel will be used to 
reinforce design base knowledge of SSC's relative to support systems 
considered "important to safety." 
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Corrective Action (cont'd): 
 
A new Work Control Program has been developed and it is being implemented 
to ensure that work is scheduled commensurate with the safety 
significance of the equipment. As part of this program, a Work Process 
Improvement Team has implemented a new process of Action Request 
Validation. All incoming work is reviewed by the team SRO for 
operability, significance level, priority and repair mode. This program 
will ensure that operability of equipment and the necessary maintenance 
and/or corrective actions are taken commensurate with the safety 
significance of the equipment. 
 
All three relays in the 21RHR loop have been replaced. Relays for the 
22RHR loop have passed in place functional testing and as a preventative 
measure are scheduled for replacement upon arrival of replacement relays. 
 
A total Bailey Relay Cabinet (contains Struthers - Dunn relays) 
inspection will be performed on both Units. Any relay with visible signs 
of discoloration or cloudiness will be replaced prior to restart of each 
unit 
 
A Preventative Maintenance Change Request (PMCR) has been generated to 
evaluate the maintenance history of all Struthers - Dunn relays and 
create an appropriate PM program. 
 
A review of the current process to receive, evaluate and route vendor 
notifications and industry notifications, will be performed by 
Engineering. 
 
All SBF-1 breaker failure relays on the new 13KV BS A-B, BS B-C, BS C-D, 



and BS D-E will be replaced with upgraded relays. This activity will be 
completed prior to restart. 
 
A root cause evaluation, to determine why prompt action was not taken to 
implement vendor recommendations to install upgraded relays (breaker 
failure relays), will be performed by January 31, 1996. 
 
All SBF-1 breaker failure protection relays on the 500KV breakers will be 
replaced with upgraded relays that have higher surge withstand 
capabilities. Those relays associated with the generator output breakers 
(BS 1-9, BS 9-10, BS 1-5, and BS 5-6) will be replaced first followed by 
other 500KV breakers. This activity will be completed by 3/31/96. 
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Corrective Action (cont'd): 
 
Similar circuitry for other breaker failure relays at both Salem and Hope 
Creek will be reviewed to determine transient susceptibility and replaced 
with upgraded relays as necessary. This activity will be completed by 
12/31/95. 
 
The Corrective Action Program, NC.NA-AP.ZZ-0006(Q), has been 
significantly improved to specifically define a hierarchy of event 
significance levels with corresponding required levels of cause 
investigation. The revision also simplified and centralized the method 
used to enter, track and process conditions adverse to quality. 
 
A new corrective action department has been established to provide 
heightened management focus on the corrective action process and 
established daily (weekday) management review of identified conditions 
adverse to quality. 
 
A corrective action review board has been established to review the root 
cause determination and corrective actions for all significance level 1 
(highest level) reports of conditions adverse to quality. 
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Public Service Electric and Gas Company P.O. Box 236 Hancocks Bridge, 
New Jersey 08038-0236 
 



Nuclear Business Unit NOV 02 1995 
 
LR-N95197 
 
U. S. Nuclear Regulatory Commission 
Document Control Desk 
Washington, D.C. 20555 
 
Att.: Document Control Desk 
 
SALEM GENERATING STATION 
LICENSE No.: DPR-70 and DPR-75 
DOCKET No. : 50-272 and 50-311 
UNIT Nos. : 1 and 2 
 
LICENSEE EVENT REPORT No. 95-004-01 
 
This Licensee Event Report supplement is being submitted pursuant to the 
requirements of Code of Federal Regulation 10CFR50.73. It provides 
additional and corrected information with respect to the root cause and 
corrective actions. 
 
Sincerely, 
 
Clay C. Warren 
General Manager 
Salem Operations 
 
SORC Mtg. No.: 95-123 
 
C Distribution 
LER file 3.7 
 
The power is in your hands. 
95-2168 REV. 6/94 
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